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Abstract 


This paper examines the factors contributing to innovative activity in the Canadian food 
processing sector. The study first focuses on the importance of research and development activity 
and advanced business practices used by production and engineering departments. Second, it 
examines the extent to which larger firm size and less competition serve to stimulate 
competition—the so-called Schumpeterian hypothesis. Third, the effect of the nationality of a 
firm on innovation is investigated. Finally, industry effects are examined. 


The paper finds that business practices are significantly related to the probability that a firm is 
innovative. This is also the case for R&D. Size effects are significant, particularly for process 
innovations. Elsewhere, their effect is greatly diminished once business practices are included. 
Foreign ownership is significant only for process innovations and not for product innovations. 
Competition matters, more so for product than for process innovations. Establishments in the 
‘other’ food products industry tend to lead when it comes to innovation, whereas fish product 
plants tend to lag. 


Keywords: innovation, food processing, engineering practices, research and development. 
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1. Introduction 


Innovation is the key to a firm’s economic growth. Recent work that links dynamic panel datasets 
on the performance of firms and special surveys on the strategies that are being pursued by firms 
has demonstrated the importance of innovation to growth. Baldwin et al. (1994) demonstrate that 
in small and medium-sized Canadian firms, a measure of success that is based on growth, 
profitability and productivity is strongly related to the emphasis that firms place on innovation. 
Baldwin (1999) uses a sample of entrants to show that growth in new firms depends upon 
whether the firm innovates. Crepon, Duguet, and Mairesse (1998) find that innovation in French 
firms increases productivity. 


While we have evidence, therefore, on the connection between success and innovation, there is 
less evidence on the factors that condition whether a firm adopts an innovation policy. Not all 
firms innovate despite the benefits of doing so. Research has, therefore, been aimed at 
understanding the conditions that are associated with being innovative.’ A number of questions 
have been posed in this literature--the effect of firm size and market structure on the intensity of 
innovation; whether the exclusive emphasis that is given to R&D ignores the importance of other 
inputs and the extent to which multinational firms are more innovative. In this paper, we use data 
from the 1998 Survey of Advanced Technology in the Canadian Food Processing Industry to 
study the differences between firms that innovate and those that do not and to address the 
following set of issues. 


The first is whether larger average firm size and less competition stimulate innovation. Often 
described as the Schumpeterian hypothesis, it is sometimes claimed that innovation is fostered by 
a climate where firms are large or in industries where there is less competition. While there is 
mixed evidence on both issues (Scherer, 1992), they continue to receive attention (Cohen and 
Klepper, 1996a, 1996b). 


The second is whether an R&D unit is essential to innovation. There is no doubt that firms use 
their R&D units to create new products and processes, as well as to keep them informed about 
new developments made by other firms. However, it is not the only route that can be used to 
innovate. While it is traditional to emphasize the importance of R&D facilities to the innovation 
process, Mowery and Rosenberg (1989) have stressed that a good deal of innovation comes out 
of engineering departments and production facilities that are not normally considered to be part 
of the R&D process. 


The third relates to the importance of business practices on innovation. Innovation may require 
the adoption of certain advanced engineering and production practices, particularly practices that 
facilitate the development of new products and processes. Practices, such as rapid prototyping 
and computer-aided design, are used by the production and engineering departments of plants to 


| For related studies covering France, Germany, Italy, Holland, and Switzerland, see Crepon, Duguet, and Kabla 
(1996), Felder et al. (1995), Sterlacchini (1994), Brouwer and Kleinknecht (1996), Arvanitis and Hollenstein (1994, 


1996). 
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craft and assemble new products and develop new processes. Like R&D, they can be considered 
as inputs to the innovation process. Some firms rely on an R&D-based approach to innovation, 
whereas others rely more on a production-based approach. Still others use both. Here we 
investigate whether the use of business practices is as important an input into the innovation 


process as is R&D. 


Finally, we examine the effect of the nationality of a firm on its innovative tendencies. Both 
Dunning (1993) and Caves (1982) have stressed the special role of the multinational firm in 
transferring special innovation skills from one nation state to another. The role of multinationals 
in Canada is particularly important since they control over half of the manufacturing sector. 
McFetridge (1993) stresses the importance of linkages from Canada into the world innovation 
system that are accomplished through multinationals. 


Throughout the exercise, we examine these issues for different types of innovations. Innovation 
surveys allow us to examine the determinants of the output of the innovative process. However, 
innovations vary considerably. Simply categorizing firms as innovative or non-innovative risks 
aggregating different types of innovators in a way that may hide important relationships. 
Therefore, we investigate the extent to which the determinants of innovation differ across 
innovation types, in particular, between product as opposed to process innovations. 


The paper is organized as follows. First, the data sources are described. Second, the extent to 
which there are differences in innovation rates by plant size are examined. Then a description of 
the empirical model investigating the determinants of innovation in the food processing sector is 
given. This is followed by estimates of the model. Finally, a conclusion is provided. 


2. The Survey 


Earlier work has focused on manufacturing as a whole (Baldwin, Hanel, and Sabourin, 1999). 
Here we narrow our focus to a single industry within manufacturing—the food processing 
industry. This allows us to ask whether some of the same factors that are at work across all 
manufacturing industries also apply within a particular sector, thereby confirming that these 
factors are capturing general influences rather than industry-specific effects. For example, R&D 
may be highly industry specific and multivariate studies that find a connection between 
innovation and R&D may just be capturing an industry-specific effect that is highly correlated 
with R&D intensity. By examining just food processing, we can investigate whether the intra- 
industry effects of R&D are important. Despite the attempts of our earlier research to capture 
industry effects, these attempts may have been imperfect. By looking at firms within a particular 
sector like food processing, we can test whether intra-sectoral or intra-industry differences in 
firm activities like R&D or concurrent engineering practices are driving innovative activity. 
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The data for this study come from the 1998 Survey of Advanced Technology in the Canadian 
Food Processing Industry conducted by Statistics Canada. It is based on a frame of Canadian 
food processing establishments obtained from Statistics Canada’s Business Register. 
Establishments were randomly sampled using strata that are based on establishment size, 
industry’ and country of control. The overall response rate to the survey was 84%. 


The questionnaire for the survey consists of nine sections covering a range of issues pertaining to 
the technological regime of food processing plants.* There is an initial section dealing with 
general firm characteristics. This is followed by a section dealing with the production 
environment, then by two sections on advanced technology adoption and the use of associated 
business practices. Other sections investigate the development process for new technologies, skill 
development, the competitive environment firms face, the benefits obtained from technology 
adoption, the problems encountered during adoption, and the importance of government 
programs. 


3. Innovative Activities 


Innovations are categorized in the food processing survey as being one of two types—product or 
process. A product innovation is the commercial adoption of a brand new product or an existing 
product of higher quality. A process innovation is the use of new or improved production 
methods that lead to a reduction in unit production costs. Often product and process innovations 
occur simultaneously since the production of a new product may require a new or improved 
production method. These are referred to as combined product-process innovations. 


Seventy-two percent of establishments in the food processing industry introduced at least one of 
these types of innovation during the three-year period 1995-1997. With regards to specific types 
of innovation, half of all plants introduced at least one product-only innovation; a third at least 
one process-only innovation; while slightly more than half introduced at least one combined 
product-process innovation. 


In order to investigate plant-size differences, establishments were assigned to one of five size 
categories—10 to 19% 20 to 49, 50 to 99, 100 to 249, and 250 or more employees. The 
percentage of establishments in each of these size groups that introduced at least one of any type 
or of a specific type of innovation is provided in Table 1. As can be seen from the table, the 
innovation rate increases monotonically with plant size. Overall, the largest establishments are 
one-and-a-half times more likely to innovate than the smallest ones. Plant size differentials also 
exist across the specific types of innovation. These differences are most pronounced for process- 
only innovations, where large firms are three times more likely than small firms to introduce this 


type of innovation. 


> The Business Register maintains a listing of all establishments in the Canadian manufacturing sector. The food 
processing industry is major SIC (Standard Industrial Classification) group 10. 
> The 3-digit SIC groupings within SIC 10 (food processing) were used for the sampling exercise. 


4 See Baldwin, Sabourin and West (1999). 
5 Establishments having fewer than 10 employees were not surveyed due to cost restraints. 
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Table 1. Innovators by Employment Size (Establishment Wei ghted) 
INNOVATOR 

(Percentage of Establishments) 


Process Only Product Only Product and Any Type 
Process 
24) 
30 


SIZE 
(Number of Employees) 


38 ely) =f! 
a 50 74 


10-19 


20-49 

50-99 4] 52 53 76 
100-249 45 56 62 78 
250 or more 60 60 74 84 
All 36 50 53 LE 


4. Empirical Model 


The Model 


Firms innovate in the expectation of receiving an increase in profits due to innovation. The 
expected post-innovation return to innovation activity 1;* for firm i is taken to be a function of a 
set of firm-specific variables that determine how the firm responds to profitability incentives and 
industry-specific exogenous variables that condition the profitability of innovative activities. This 
may be formally expressed as: 


r* = bx; + Uj (1) 


Even though 1;* is not directly observable, we can observe whether firm 1 innovated or not. We 
assume that when the expected return from innovation is positive, firms innovate. The observable 
binary variable J; takes a value of one when the firm is an innovator and zero otherwise. Thus we 
can write 


I; a a r*>0 
I,=0O otherwise 


The expected return from innovation, given the characteristics of the firm and the industry to 
which it belongs, is 


B(1;*1x;) 
Thus the probability of observing that a firm is innovative is given by 
Prob(j=1) = Prob(u; > -bx;)= 1-F(-bx;) 


where F is the cumulative density function for the residuals uj. 


6 : : : : 

Results are establishment weighted. Establishment weights refer to the probability sampling weights from the 
survey. Use of these weights provides population estimates rather than just sample estimates. 
ca ee et Pe ee ea See 
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The choice of the statistical model depends on assumptions about the form of the residuals uj. If 
the cumulative distribution of residuals is normal, the probit model is the appropriate choice; if it 
conforms to a logistic function, the logit model is appropriate. For practical purposes, the 


difference between the results of the two models is usually small. The logistic model will be used 
for our analysis. 


Differences in expected profits from innovation and, therefore, differences in profitability are 
hypothesized to be related to differences in such characteristics as firm size, market structure, 
nationality of ownership, R&D activity and engineering practices employed. 


Dependent Variable 


The dependent variable measures the innovative activity of a firm. Innovation is defined in two 
different ways in this paper. First, the incidence of innovation is captured by a dichotomous 
variable that measures whether or not firms have introduced an innovation of any type within the 
past three years. The binary variable takes a value of one for innovative firms, and zero for non- 
innovative firms. 


Second, a set of three binary variables is used to distinguish between types of innovation. Three 
types of innovation are considered—product-only, process-only, and combined product-process 
innovation. The first variable takes a value of one if a firm has produced at least one product-only 
innovation and zero if it has produced no innovation. The second binary variable contrasts 
process-only innovators against non-innovators, while the third contrasts combined 
product/process innovators against non-innovators. 


Explanatory Variables 


Differences in innovative capabilities are considered to be partly related to differences in industry 
environment and partly related to differences in individual firm and plant characteristics that 
condition the underlying profitability of innovating. Therefore, innovation is postulated here to 
be a function of firm-specific, plant-specific and industry-specific characteristics. Since the 
survey was answered by plant managers, most responses pertain to the plant’s operations. Plant- 
specific variables include plant size, engineering practices and number of competitors, while 
firm-specific variables include ownership and R&D. But some responses were also obtained on 
the operations of the firm. Sector of activity is the sole industry-based variable. 
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Plant Characteristics and Activities 
Size 


There are a number of reasons that large firms may find innovation to be more profitable than 
small firms. Large firms, it is often argued, have easier access to financing, can spread the fixed 
costs of innovation over a larger volume of sales and may benefit from economies of scope and 
complementarities between R&D and other manufacturing activities (Cohen, 1996). Others contend 
that, as firms grow large, their R&D becomes less efficient. The empirical evidence is inconclusive 


(Scherer, 1992). 


Size is measured here by the total number of employees in an establishment, including both 
production and non-production workers. Establishments are classified as belonging to one of five 
size categories—10 to 19, 20 to 49, 50 to 99, 100 to 249, and 250 or more employees. Five 
binary variables capture these size effects. 


Engineering and Development Practices 


Establishments employ a variety of engineering practices and techniques aimed at developing and 
improving products and processes. This study examines a set of practices designed to enhance 
product and process development. These practices are aimed at increasing the speed, efficiency 
and effectiveness of product and process development. Some are technology-based, such as 
computer-aided design, while others are procedure-oriented, such as rapid prototyping and 
continuous improvement. Gordon and Wiseman (1995) report that the adoption of practices, 
particularly those devoted to process development, provide more successful plants with a 
comparative advantage. Like R&D, the use of advanced engineering activities is postulated to be 
an important input into the innovation process. Firms use their R&D units to create new products 
and processes, as well as to keep them informed about new developments made by other firms. 
Their production and engineering units similarly use certain techniques and practices designed to 
facilitate innovation. It is the latter set with which we are concerned here. 


There were nine practices pertaining to a plant’s operations that were included in the 
questionnaire--rapid prototyping, quality function deployment, cross-functional design teams, 
concurrent engineering, computer-aided design, continuous improvement, process benchmarking, 
process simulation, and process value-added analysis. A binary variable has been constructed to 
capture their effect. It takes a value of one if a firm uses any one of the nine practices listed 
above, and a value of zero otherwise. 


Se ee ee ee ee eee ee ee ee Oe 
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Competitive Conditions 


Firms active in less competitive markets have been hypothesized to be more innovative. 
Monopoly power, it is claimed, makes it easier for firms to appropriate the returns from 
innovation and provides the incentive to invest in innovation. However, this view is far from 
universal. Others, such as Arrow (1962), have argued that the gains from innovation at the 
margin are larger in an industry that is competitive than under monopoly conditions. Moreover, 
insulation from competitive pressure can breed bureaucratic inefficiency (Scherer, 1980). The 


earlier empirical evidence on the relationship between concentration and innovation is mixed 
(Cohen, 1996). 


Number of competitors is used here to measure the degree of competition that a firm faces. Plants 
are grouped according to whether their manager indicated that they faced five or fewer 
competitors,’ six to 20 competitors, or more than 20 competitors and three binary variables are 
used to capture these competitive categories. 


Firm Characteristics and Activities 


Nationality of Ownership 


Canada, because of its size and proximity to the United States, has a mixture of both Canadian- 
owned and foreign-owned firms. Existing studies, relying on R&D intensity, are inconclusive as 
to whether or not the nationality of ownership of a firm has an impact on its innovative activity. 
Caves et al. (1980, p. 193) suggest that foreign activity reduces the rate of R&D activity in 
Canada. However, lower R&D intensity may not signify less innovation if multinational 
subsidiaries import innovations from their parents. Using a survey for a limited number of firms 
in five industries, De Melto et al. (1980) reported that foreign firms operating in Canada were 
less R&D intensive than their domestic counterparts, but that they accounted for a 
disproportionately large percentage of process innovations. 


In order to investigate whether foreign-controlled firms are more likely to be innovative, a binary 
variable—taking a value of one if the plant is foreign-owned, and zero otherwise—is included. 


Research and Development 


Although neither a necessary nor a sufficient condition for innovation (Akerblom et al., 1996; 
Baldwin, 1997), R&D is an important input into the innovation process. Firms with an effective 
R&D program are not only more likely to create new products and processes but are also more 
receptive to the technological advances of others (Mowery and Rosenberg, 1989). A binary 
variable was constructed to capture this effect, taking a value of one if the parent of the plant 


surveyed performs R&D, zero otherwise. 


7 This is the number of competitors that the plant manager felt offered competing products to his/her own. 
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Industry Effects 


Industry 


Industry effects were also included since technological opportunities and profitability of 
innovation often vary across industries. Seven sub-industries are considered—bakery, cereal, 
dairy, fish, fruit and vegetables, meat, and other food products. In order to capture industry 
effects, seven binary variables were constructed, one for each of the industries. Each variable 
takes a value of one if the establishment belongs to that particular industry, zero otherwise. 


The variables that are used in the regression analysis are listed in Table 2, along with a short 
description of the variable, and its mean and standard deviation. 


Estimation Procedures 


Our model consists of the following equation: 


INNOV = ( + 0)*SIZE + O)* FOREIGN + 03*R&D + O4*ENG_PRACT 
+ Os* INDUSTRY + O&6*COMPET (1) 


INNOV is a binary dependent variable indicating whether or not a firm is innovative. SIZE is the 
plant employment size, while FOREIGN measures whether a firm is controlled from abroad. R&D 
measures whether a firm performs research and development. ENG_PRACT refers to a set of 
product and process development techniques used by the establishment. INDUSTRY is a set of 
seven binary variables used to indicate the 3-digit industry in which the establishment is found. 
COMPET captures the number of competitors a plant faces. 
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Table 2. Overview of Dependent and Inde pendent Variables 


Variable 


1. Dependent Variables 
Innovation 

INNOVATE 

PRODINOV 

PROCINOV 

BOTHINOV 


2. Independent Variables 


Plant Characteristics and Activities 


Size 
ESTSIZE1 
ESTSIZE2 
ESTSIZE3 
ESTSIZE4 
ESTSIZES 

Engineering Practices 
ENG_PRACT 

Competition 
COMPET1 
COMPET2 
COMPET3 

Firm Characteristics and Activities 

Ownership 
FOREIGN 

R&D Activity 
RADDOER 

Industry Characteristics 

Industry 
IND_BAKE 
IND_CERE 
IND_DAIR 
IND_FISH 
IND_VEGG 
IND_MEAT 
IND_OTHR 
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Description 


Innovator/non-innovator 

- any type of innovation 

- product-only innovation 

- process-only innovation 

- combined product-process innovation 


Employment Size 

- 10 to 19 employees 

- 20 to 49 employees 

- 50 to 99 employees 

- 100 to 249 employees 

- 250 or more employees 
Engineering Practices 

- Product/process development practices 
Number of Competitors 

- Five or fewer competitors 
- Six to 20 competitors 

- More than 20 competitors 


Nationality of Ownership 
- Foreign owned 

R&D Activity 

- R&D performer 


Bakery industry 

Cereal industry 

Dairy industry 

Fish products industry 

Fruit and vegetables industry 
Meat industry 

‘Other’ food products indust 


Mean Standard 
Deviation 
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5. Empirical Results 


Incidence of Innovation 


The results of the logistic regression models for the probability of a firm being innovative are 
given in Table 3. Two weighted® logistic estimates are provided. In the first model (column 1), 
the likelihood of introducing any type of innovation is estimated using establishment size, 
nationality of ownership, R&D activity, industry and number of competitors as the explanatory 
variables. In the second (column 2), engineering practices have been added to the basic model. 
All regressions are estimated against an excluded firm that is small, Canadian-owned, does not 
perform R&D, does not use advanced product and process development engineering practices, is 
in the bakery industry, and faces few competitors. 


The parameter results in Table 3 provide the qualitative effects of the explanatory variables. In 
order to present quantitative effects, we provide probability estimates in Table 4 that correspond 
to the specification that includes engineering PERN, The probabilities are calculated by 
estimating the logit function at the sample means.” 


The coefficient on R&D is positive and highly significant. Firms performing R&D are much 
more likely to introduce an innovation. This accords with other studies (Cohen and Klepper, 
1996a; Baldwin, 1997; Baldwin, Hanel, and Sabourin, 1999). A non-R&D performer has only 
about a fifty percent chance of innovating (Table 4). By contrast, an R&D performer has over an 
eighty percent chance of being an innovator. R&D is neither a necessary nor a sufficient 
condition for being an innovator. But performing R&D increases the probability of success by 
around sixty percent. 


R&D is not the only input that is significantly related to the innovation process. The coefficient 
on engineering practices in Table 3 is positive and highly significant. Establishments that adopt 
these practices are significantly more likely to be innovative. Equally noteworthy is the size of 
the effect of the adoption of these engineering practices provided in Table 4, especially in 
comparison to the effect of performing R&D. When advanced engineering practices are 
implemented, the probability of successful innovation moves from sixty to eighty percent—an 
increase of one-third. Moreover, using these practices, the probability of being an innovator 
rivals that of an R&D performer. 


Plant size is highly statistically significant in the first model, when the engineering practices are 
omitted. Large plants are more likely to innovate than are smaller plants. Once engineering 
practices are included, however, the story changes. Size effects are diminished. Being larger adds 
only about 10 percentage points to the probability of success, where the effect of size is 
significant. Thus, much of the size differential in innovation rates is attributable to differences in 


: ate weights that are used are the probability sampling weights from the survey. 
ececbanliies (p) are estimated using the logit equation: 


= exp(Bx)/[] + exp(Bx)] 
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the product and process development techniques being used by firms of differing sizes. Once this 
activity is taken into account, there is less of an effect of size on innovation. 


A similar story is found for nationality of ownership. The coefficient on nationality of ownership 
1S positive and statistically significant if engineering practices are omitted. Once they are 
included, however, the ownership coefficient becomes smaller and loses its significance. 
Foreign-owned firms are more likely to adopt these types of practices and once these factors have 
been accounted for, the effect of nationality on innovation is reduced. Much of the size and 
ownership effects reflect differences in the use of these engineering practices. 


Competition is weakly significant. Plants facing moderate and heavy competition are more likely 
to innovate than those facing few competitors. However, the effect on the probability of success 
is relatively small—only one to six percentage points. Moreover, the marginal effects are larger 
as markets move from oligopolistic (less than 5 competitors) to more competitive (6 to 20 
competitors) than they are for movement to the last stage of more atomistic competition (more 
than 20 competitors). 


The industry to which an establishment belongs influences the likelihood that it will innovate. 
Establishments in the bakery and ‘other’ food products industries are found to be the most likely 
to be innovative, while establishments in the fish products industry are the least likely. The 
difference between fish and the bakery or ‘other’ sectors is about 20 percentage points—an 
increase of about one-third in the probability of innovating. 


Incidence by Type of Innovation 


The parameter and probability estimates for the three specific forms of innovation are also 
provided in Tables 3 and 4—product-only, process-only, and combined product-process 
innovations. 


Many of the factors important for process innovation are also found to be important for product 
innovation. But some differences do exist. Size is both more significant and more important for 
process innovation than for both product innovation and combined product-process innovation 
(Table 4). For process innovation, the larger the establishment, the greater the likelihood of being 
innovative. The probability of a plant introducing a_process-only innovation increases 
monotonically with the size of the plants—ranging from 18% for the smallest size group (10-19 
employees), to 36% for medium-sized plants (50 to 99 employees), to 49% for the largest plants 
(250 or more employees). This is consistent with the findings of Cohen and Klepper (1996a, 
1996b) that plant size is more closely related to process than product innovation. AS for product- 
only innovations, it is the medium-sized plants that have the highest probabilities of adopting 
(55%), while for combined product-process innovations, it is the largest plants that are the most 
likely (66%) to introduce these more complex types of innovation. 
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R&D is also important across all types of innovations, but it is largest for product-only 
innovations. For product-only innovation, there is a 59% probability that an R&D performer will 
introduce a product-only innovation compared to only a 35% probability for non-R&D doers. 
This is a difference of 24 percentage points. However, the probability that a firm, which conducts 
R&D, will introduce a process-only innovation is 37%, compared to only 22% for those that do 
not—a difference of 15 percentage points. While the probability that an R&D performer will 
introduce a new product is higher than the probability that they will introduce a new process in 
the food processing industry, ‘the relative percentage increase in the probability of innovation 
associated with R&D is quite similar in both cases. In this narrower sense, R&D performance 
may be said to have about an equal impact in these two areas. 


Product and process development practices are highly significant across all types of innovations. 
Firms that use the latest techniques with regards to product and process development are more 
likely to introduce innovations of all types. For example, plants employing these practices have a 
probability of 36% of introducing a process-only innovation, and 54% of introducing a product- 
only innovation. Plants not using these practices have only a probability of 20% and 38% of 
introducing a process-only, and product-only innovation, respectively. This is a difference of 16 
percentage points in both cases, though the relative increase is greater for process innovations. 


Nationality of ownership is positive across all types of innovation but is significant only for 
process-only innovations. For process-only innovations, the effect is large. Forty-two percent of 
foreign-owned plants introduce process-only innovations, compared to only 29% of domestic- 
owned plants. Foreign-ownership increases the probability of process innovation by about 50 
percent. This is consistent with the findings of De Melto et al. (1980) that foreign firms operating 
in Canada account for a disproportionately large percentage of process innovations. It also 
supports the claim that multinational firms are important conduits for transferring technological 
knowledge in the form of process innovations (Caves, 1982). 


Competition stimulates both product and process innovations, but the pattern is different. 
Establishments facing moderate competition are much more likely to introduce a product 
innovation and are slightly more likely to introduce a combined product-process innovation than 
those facing few competitors, or those facing the most intense competition. For example, the 
probability of introducing a product-only innovation is 58% for those with moderate competition, 
48% for high competition, and 38% for little competition. However, for process innovation, the 
probability of innovation is highest in the group with the largest number of competitors. The 
probability that a plant, in a highly competitive market, will introduce a process-only innovation 
is 38% compared to only 26% for those facing fewer competitors. 


Industry effects are most pronounced for process-only and product-only innovations. Few 
significant industry differences are found for combined product-process innovations. 


; 
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Table 4. Estimated Probability of Introducing an Innovation 


PLANT CHARACTERISTICS 
Establishment Size 

10 to 19 employees 

20 to 49 employees 

50 to 99 employees 

100 to 249 employees 

250 or more employees 
Engineering Practices 

Engineering Practice User 

Non User 
Number of Competitors 

0 to5 

6 to 20 

more than 20 
FIRM CHARACTERISTICS 
Nationality of Ownership 

Foreign 

Canadian 
R&D Activity 

R&D performer 

Non-performer 
INDUSTRY CHARACTERISTICS 
Industry 

Bakery 

Cereal 

Dairy 

Fish 

Fruit and vegetables 

Meat 

Other 
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Any Process Only 
Innovation 
J 


EAu 


Statistics 


Product Only Product and 
Process 
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6. Conclusion 


Research and development is often seen as an important building block for innovation. But just 
how Important it is often remains an unanswered question. As Mowery and Rosenberg (1989) 
point out, R&D is not necessary for the development of new products and processes. And of 
course, luck and competence determine whether an invention that is discovered by an R&D 
group will eventually turn into a commercial success. 


Research is, therefore, neither a necessary nor a sufficient condition behind successful 
innovation. The results of our analysis place quantitative bounds around this issue. On the one 
hand, they provide estimates of the probability that innovation will occur even if no R&D is 
done. On the other hand, they provide estimates of the probability of an innovation being 
introduced if R&D is performed. In the food processing sector, there is a 53% probability of 
innovating without an R&D unit. This increases to over 80% in those plants benefiting from an 
R&D unit. Although R&D does not guarantee success, the probability of introducing an 
innovation is one-and-a-half times greater for R&D performers than for those without an R&D 
unit. 


Much attention has been focused at the importance of R&D to the innovation process. This 
attention has been directed both at understanding the process and providing empirical measures 
of its importance. But there are clearly other inputs to the innovation process, many of which 
occur in production and engineering departments. The innovation process is not completely 
linear, running from R&D to commercial development. The design and engineering department 
may contribute through improvements to the assembly process of new products, thereby making 
substantial contributions to process innovations. Even in linear innovation systems, where the 
process of innovation is begun in R&D labs, companies must develop complementary production 
competencies if they are to bring new products successfully to market. Practices like concurrent 
engineering reduce development costs and, therefore, the price at which the product can be sold. 
Practices related to quality control ensure that the product has sufficient customer appeal that it 


can be successfully marketed. 


It has not proven easy to develop measures of R&D. A substantial international effort has co- 
ordinated attempts to do so over the last thirty years. It is even more difficult to measure the 
complementary or substitute skills in engineering and production departments. In this paper, we 
make use of new questions that explore whether firms have implemented certain of these 
practices. Our results confirm the need to move beyond the conventional R&D-centric approach. 
The use of these engineering practices is found to be very important. Engineering practices are 
highly significant for all types of innovation, particularly for those involving process innovations. 
Engineering practices are an important part of the technological regime of a firm. They serve as 
complements to advanced technologies. Implementing these practices 1s associated with about an 
80% probability of innovation—just as high as for the implementation of an R&D program. 
Moreover, there is a considerable difference between the probability of innovating for those who 
develop these advanced production competencies and those who do not. Our results show that 
the effect of engineering practices on innovation is as important as R&D for process-only 
innovations, and only slightly behind when it comes to product-only innovations. This supports 
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the contention of Mowery and Rosenberg (1989) that the production and engineering 
departments are key players in the innovation process. 


We have also focused on the oft-repeated contention that increasing firm size and decreasing 
market competition would lead to more innovation. We do not find support for the lack of 
competition hypothesis. Indeed, we find evidence that increasing competition is associated with 
more innovation. In fact, intermediate and higher levels of competition are more conducive to 
innovation than the lowest level of competition. 


On the other hand, size is positively related to the probability of innovating. But the magnitude 
and statistical significance of the size effect are reduced substantially when the production and 
engineering competencies of the plant are taken into consideration. This result has been found in 
other studies (Baldwin, Hanel, and Sabourin, 1999). Large firms differ from small firms in the 
extent to which they develop certain competencies. Once these are taken into account, the size 


effects are reduced. 


Canada is a small, developed country with an open economy and a substantial amount of foreign 
investment. The effect of foreign investment on economic activity is, therefore, of considerable 
interest. We find that foreign controlled plants in the food processing sector are more likely to 
introduce an innovation. As with the size effect, the foreign-ownership effect is reduced when 
R&D and engineering practices are taken into account. Differences in the product innovation 
rates that exist between foreign and domestic firms plants are accounted for, in large part, by 
differences in the engineering practices employed. This is not true for process-only innovations. 
Here, nationality of ownership is positive and highly significant even after engineering practices 
are taken into account. This supports the claim that an important function of multinational firms 
is the ability to transfer technological knowledge, in the form of process innovations, from the 
parent company to the Canadian subsidiary (Caves, 1982). 


Finally, industry matters in that some industries are inherently more innovative than others. 
Establishments in the ‘other’ food products industry lead for all types of innovation, whereas fish 
product plants lag for all but combined product-process innovations. Bakery plants exhibit mixed 
results. They tend to lead in product-only innovations and lag in process-only innovations. 
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